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Filtering and Neighborhood Change 1n Omaha's Bemis Park 
By Donald Guy 
MANY WAYS to approach the prob-lem of neighborhood change are 
possible. One major theory in the litera-
ture on housing markets deals with the 
way in which property values in a neigh-
borhood change over time and is referred 
to as the theory of filtering. 
Many versions of flltering theory exist, 
but it may be summarized as a process 
over time in which older housing loses 
value relative to the new housing being 
built in the community. An alternative 
formulation refers to the changing 
income level of neighborhood residents 
as present occupants move out and are 
replaced by occupants whose income 
level is lower than that of the persons 
they replace. Wide disagreement is found 
within the literature as to why flltering 
happens, the rate at which it occurs, and 
some even question whether or not the 
process occurs at all. 
The answers -«> these questions have 
important implications for housing policy 
and would seem to be capable of being 
answered by empirical analysis. In spite 
of its potential significance, the use of 
time-series data to study the flltering 
process has been limited. Filtering is 
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difficult to define in an operational form, 
and acquiring the necessary data is even 
more difficult, particularly for the 
version of flltering that deals with level 
of income. 
The present study analyzes data from 
the Bemis Park area of Omaha for the 
period from 1917 to 1978. Relative 
income rankings were then fitted to a 
Markov type model which was designed 
to measure the rate at which flltering 
occurs in a neighborhood. 
The Neighborhood 
Bemis Park is the area between 33rd 
and 40th Streets bounded on the north 
by Hamilton Street and on the south by 
Cuming Street. The area was developed 
by the Bemis Park Company which was 
incorporated in 1889.1 The only house in 
the area at that time was the Zabriskie 
residence on Hawthorne Street, built in 
1888. The number of houses had grown 
to 171 by 1913.2 
The study of Bemis Park done by 
Gameth 0. Peterson3 gives an occu-
pational proflle for the period 1913-1940. 
Neighborhood residents classified as pro-
fessional constituted 10.1 percent of 
households in 1913. This percentage 
increased steadily to 21.4 percent in 
1940. The percentage listed as unskilled 
was 1.2 percent in 1913 and 2.9 percent 
in 1940. The area contained several 
prominent citizens and was listed as one 
of Omaha's best neighborhoods in a 1938 
study.4 A study done in the mid 1940's 
described the area as being on the fringe 
of the zone of transition. 5 
In the next two decades the neighbor-
hood showed signs that it was undergoing 
transition. During this period, the neigh-
borhood became racially integrated. 
Many of the larger dwellings were con-
verted into apartments. Some badly 
deteriorated buildings were torn down 
leaving vacant lots. Recently efforts 
have been made to reverse the deterio-
ration. The Bemis Park Neighborhood 
Association was formed in 1975, and this 
led to the formation of the Bemis Park 
Improvement Corporation in 1976. The 
latter organization is a nonprofit corpo-
ration formed to purchase, rehabilitate, 
and resell vacant and deteriorating homes 
in the area. 6 
The Data 
The data used in the present study 
are decile rankings by income of neigh-
borhood residents in three year intervals 
from 1914 to 1978. The basic data source 
was Polk City Directories for Omaha. 
The first directory to be cross indexed 
by street address was the 1913 directory, 
and the 1978 directory was the most 
recent available at the time the data 
were collected. The years were chosen 
to provide the most uniform intervals to 
conform to the assumptions underlying 
the model used in the analysis. 
By beginning with the street index 
section of the directory, listing of all of 
the addresses in the neighborhood is 
possible with the name of the occupant 
that year. The study included all of the 
single famil~ residences and some of the 
apartments. By looking up the names of 
individuals in the alphabetical section of 
the directory, occupational data can be 
obtained. 
Some residents listed for their occu-
pation such things as student or retired. 
Income level for those addresses was 
left blank for that year since assigning 
a meaningful income figure to those 
occupations would be difficult. Many 
residents would list an occupation such 
as machinist or high school teacher. These 
were assigned a decile ranking based on 
studies of rankings of occupations by 
income.8 Other residents would list such 
occupations as salesman or real estate 
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broker. These were assigned a decile 
ranking in the way described above, but, 
because of the wide dispersion in income 
in these occupations, more room for error 
exists. Some errors in proxying decile 
ranking will not matter when deciles are 
aggregated as described below. That is, 
someone may have been assigned a decile 
ranking of six when they would have 
been assigned a ranking of seven; these 
would both be in the middle income 
category. 
The procedure described above pro-
duces a set of data with each address 
characterized by a decile ranking of 
income for each year studied (with some 
blank as mentioned above). This is useful 
for studying long run changes since each 
person's income is ranked by comparison 
to others at that time. This avoids a 
serious methodological problem inherent 
in long run studies of house values. Sale 
prices are listed in dollars at date of sale, 
but major changes have occurred in the 
price level over time. No consensus 
exists as to how these dollar figures 
should be indexed or converted to 
relative rankings. 
The Model 
The model used in this analysis is a 
probabilistic model based on a mathe-
matical theory known as a Markov ~:hain. 
The assumption is made that what is 
being analyzed can be classified into 
distinct categories or states. The states 
in this study are income rankings. Some 
elements of the population studied may 
move from one . category to another 
between any two points in time. By 
observation the initial category of each 
element can be determined as well as the 
category it is in at the end of the period. 
These changes may be summarized m 
matrix form as shown below. 
Beginning 
State 
Ena State 
A B 
Number Number 
initially initially 
in A in A 
that that 
remained moved 
in A to B 
Number Number 
initially initially 
in B in B 
that that 
moved remained 
to A in B 
Row 
Total 
Row 
Total 
The number in each entry in the 
matrix can be divided by the corres-
ponding row total. The result is a 
probability matrix that shows the 
probability of an element, given an initial 
state, of being in a certain state at the end 
of the time interval. Such a matrix can 
be constructed between any two points 
in time and is called a one step transition 
matrix. According to Markov theory, 
if the changes are occurring at the same 
rate over time, all of the one step tran-
sition matrices between different years 
will be identical. Once the initial distri-
bution is known and the transition matrix 
is known, the distribution can be pre-
dicted for any future time period. If the 
process has this characteristic, it is 
referred to as a first order Markov process. 
Most applications of Markov theory use 
first order chains because they are easier 
to work with, but Markov theory does 
include higher orders of chains in which 
the probabilities change over time. 
While the theory requires that all the 
one step transition matrices be the same 
(if it is a first order chain), the actual 
matrices will be slightly different. The 
question arises as to whether or not the 
differences are small enough so that they 
can be characterized as a first order 
Markov chain. It can be determined if 
the differences are statistically significant 
by using a procedure developed by 
Anderson and Goodman.9 
Since the data consist of decile rank-
ings, the analysis produces 10 by 10 
transition matrices. Since many of the 
cells in the matrices contained zeros, the 
matrices were compressed to 3 by 3 
matrices of low, medium, and hi~h 
income. These income categories Wt:re 
arbitrarily defined as low if they fell in 
deciles one through four, medium in 
deciles five through eight, and high 
income is represented by deciles nine 
and ten. 
Analysis 
A computer program was written to 
count all the changes between any two 
years and calculate transition proba-
bilities. The transition matrices were then 
converted to 3 by 3 matrices and tested 
to determine whether or not they repre-
sented a first order Markov chain. The 
one step transition matrices for each year 
are shown in Table 1. 
The program was run comparing each 
year to the next and then comparing 
every other year (six year intervals), and 
both times the statistical test required 
rejection of the hypothesis that these 
transition matrices represented a first 
order Markov chain. This indicates that 
events in the neighborhood at some point 
(or points) in time were such that a 
significant shift occurred in the transition 
probabilities. 
By exammmg Table 1, one can see 
when major changes occur. The highest 
probabilities are on the diagonals of the 
matrices which simply show that a 
majority of houses were occupied by 
people of the same income level at the 
beginning and at the end of the period. 
This is what would be expected. The 
probabilities above the diagonals indicate 
the rate at which households were moving 
up in income level in the interval while 
the probabilities below the diagonals 
show the rate at which they were moving 
down. 
The transition matrices for the early 
years show a relatively high probability 
of moving from low to middle or high 
income. Since few households in the 
neighborhood were in the low income 
category in those years, the actual 
number moving up was more than offset 
by the number moving down. This is 
shown in Table 2 which shows income 
distribution in the neighborhood for 
selected years as calculated from the 
study data. 
When examining the transition prob-
abilities for the period between 1954 and 
1957, a marked change in transition 
probabilities can be observed, particularly 
in the high income category. Fifty-eight 
percent of the high income households 
in 1954 remained as high income house-
holds in 1957. While this represents a 
majority of households, it is a low prob-
ability for a diagonal element. Twenty-
nine percent of high income households 
in 1954 were in the middle income 
category by 1957 while another 13 per-
cent moved to the low income category. 
While the 1954-57 transition matrix 
appears to be different from the other 
matrices, the usefulness of the model 
depends on whether or not the model 
can identify this turning point. In order 
to test the model, a series of chains were 
evaluated by the model. A chain of 
intervals from 1914 up to the 1950's and 
another chain running from the 1960's 
through 1978 did approximate first 
order Markov chains. A series of chains 
of varying lengths centered on the 1950's 
w.-re evaluated by the model, and in each 
case the hypothesis of a first order chain 
was rejected. Thus, significant structUral 
shifts appear to have occurred in the 
Bemis Park area between 1954 and 1957, 
and the model was able to identify this 
turning point. This conclusion is con-
sistent with the earlier studies of Bemis 
Park referred to in this study. The data 
could also be tested to see if the tran-
sition probabilities approximated a higher 
order Markov chain, but this would . 
require major additions to the program. 
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TABLE 1 
TRANSITION PROBABILITIES 
1914-17 1917-20 1920-23 
Low Med. High Low Med. High Low Med. High 
Low .6667 .1667 .1667 .6667 .3333 .0000 .5000 .3000 .2000 
Med. .0156 .7969 .1875 .0952 .6032 .3016 .0147 .6618 .3235 
High .0076 .1298 .8626 .0079 .1969 .7953 .0342 .1368 .8291 
1923-26 1926-29 1929-33 
Low .7000 .2000 .1000 .5333 .2667 .2000 .4211 .3158 .2632 
Med. .0781 .6875 .2344 .0270 .7297 .2432 .0313 .8281 .1406 
High .0313 .1406 .8281 .0244 .1545 .8211 .0091 .1545 .8364 
1933-36 1936-39 1939-42 
Low .7000 .1000 .2000 .5385 .3846 .0769 .5333 .3333 .1333 
Med. .0000 .7821 .2179 .0370 .7778 .1852 .0495 .7723 .1782 
High .0278 .1574 .8148 .0410 .2213 .7377 .0198 .1287 .8515 
1942-45 1945-48 1948-51 
Low .6111 .1667 .2222 .7308 .1154 .1538 .6571 .2571 .0857 
Med. .0722 .6804 .2474 .0933 .7200 .1867 .0909 .6494 .2597 
High .0420 .0766 .8824 .0342 .1966 .7692 .0660 .1698 .7642 
. ------------- .... --- ................. --.. -... --.. --------... --............. --.. --.. ------------------------------------------ .. -...... -.......................... --------............................. ---........... ----.......... ------------------.. -..... 
1951-54 1954-57* 1957-61 
Low .5833 .2778 .1389 .7059 .2353 .0588 .7377 .1639 .0984 
Med. .0423 .7324 .2254 .1882 .6941 .1176 .1881 .7228 .0891 
High .0566 .1792 .7642 .1327 .2856 .5816 .1324 .1765 .6912 
-.. --............. ---..... -----.. ----- .. --....... --.. - ... -.. ----------..... --....... -... ---.... --............... -- .................. -------------------------------------..... ---------......................................................... --....... ------- ... ---
1961-63 1963-66 
Low .7600 .1333 .1067 .7167 .2333 .0500 
Med. .1100 .8200 .0700 .1609 .7356 .1034 
High .0645 .1129 .8226 .1034 .1207 .7759 
1969-72 1972-75 
Low .8750 .0714 .0536 .8475 .0678 .0847 
Med. .2407 .7222 .0370 .1250 .7500 .1250 
High .0588 .0882 .8529 .2069 .0000 .7931 
*This represents the period where significant changes in the rate of filtering were occurring. 
TABLE 2 
INCOME DISTRIBUTION 
(SELECTED YEARS) 
Income Year 
Level 1914 1926 1939 1951 1957 1966 1978 
Low (Deciles 1-4) 8 17 21 47 68 82 81 Medium (Deciles 5-8) 73 61 114 93 120 107 45 High (Deciles9-10) 148 98 123 128 76 67 30 
The numbers in this table represent income distribution based on decile rankings estimated 
from occupational data. 
Conclusions 
Data were collected on income rankings 
for the Bemis Park area between 1914 
and 1978. Transition probabilities were 
calculated and tested to determine 
whether or not they approximated a first 
order Markov chain. The hypothesis of 
a first order Markov chain was rejected 
by the model, and the period between 
1954 and 1957 was identified as a period 
when significant structural changes 
occurred. The cause of these changes 
cannot be identified from the current 
1966-69 
.7547 .1509 .0943 
.2639 .6389 .0972 
.1915 .1064 .7021 
1975-78 
.9074 .0741 .0185 
.1667 .7333 .1000 
.1379 .0690 .7931 
study data, but they do focus attention 
on the critical time period. With additional 
data on this time period, the causes of 
these changes might possibly be identified. 
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